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Abstract 
In this work, PbS colloidal quantum dot based photodiodes are realized compatible for the integration on ROIC’s. 
Schottky photodiode architecture is selected for its fast response and moderate sensitivity. The device is formed from 
Indium tin oxide (ITO) anode, the photosensitive PbS layer and a schottky contact formed of titanium and gold. 
Pinhole-free uniform PbS quantum dots film achieved by optimized layer by layer spin coating process. Solid-state 
ligand change procedure applied during film coating using 3-mercaptopropionic acid (3-MPA) in order to remove 
long oleic acid ligand that degrades electron mobility in the film. Fabricated detectors achieved rectification ratios of 
15 at +/- 1V bias. Preliminary tests show a responsivity of 0.24 A/W is achieved. Specific detectivity D* is calculated 
as 3,54x1010 that is limited due to high dark currents.  
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1. Introduction 
Due to the low water absorption, sensing in SWIR is very attractive in applications such as; passive 
night vision, biomedical imaging and remote sensing [1]. The integration of the optoelectronic detectors 
to the read-out circuits as closely as possible is desirable in  many applications in order to increase density 
of detectors, reduce costs, system size and power consumption. Silicon photodiodes are fully integrable to 
integrated circuits; however, they are not suitable for SWIR range. Narrow bandgap semiconductors such 
as Ge, InSb, InGaAs, HgCdTe and PbS are commonly used for IR detectors, yet they require hybrid 
packaging that introduces parasitics and decreases yield, reliab ility and increases cost  [2]. Solution-
processed semiconductors are a promising alternative to these since their production is low cost and easy, 
their bandgap can be tuned to UV, visible and IR reg ion, depending on their sizes, and they can be easily 
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integrated on any substrate [3]. In th is work, PbS colloidal quantum dot based photodiodes are realized 
that can be integrated on read-out integrated electronics  
2. Photodiode Structure 
Bandgap of colloidal PbS quantum dots  can be tuned depending on their sizes. In this work, 1500 nm 
wavelength is aimed and in order to achieve this PbS quantum dots with 5.3 nm size are used. These 
quantum dots are synthesized colloidally  and have oleic acid  capping layer and dispersed in toluene. 
Emission and absorption behaviour of the used PbS quantum dots are presented in Fig.1 (a). Photovoltaic 
type schottky photodiode architecture is preferred over photoconductor type, due to faster photoresponse 
and ease of integration to integrated circuits . The device is fabricated on glass substrate and exposed to 
light from the back side. The anode layer is fo rmed from commonly  used transparent conductive layer 
indium tin oxide (ITO) that has the conductivity of 25 Ω/ and transparency of 55% around 1500 nm as 
shown in Fig.1 (b ). The photosensitive layer composed of PbS quantum dots that is spin coated on ITO 
coated glass and finally, to form schottky contact titanium and gold is deposited using a hard mask.  The 
overall structure is shown at Fig.2.  
 
 
 
 
 
 
 
Fig. 1 (a) 5.3 nm PbS quantum dots absorption and emission spectrum (b) transmission of ITO coated glass substrate 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. PbS quantum dots based schottky photodiode composed of ITO anode, photosensitive PbS quantum dot layer and schottky 
cathode composed of Ti and Gold.  
2.1. Layer by layer spin deposition of PbS films 
Special importance has been given to forming a p inhole-free uniform PbS quantum dots film on ITO 
coated glass substrate. Spin coating method is used in order to coat PbS quantum dots dispersed in 
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toluene. At first trials pinholes have been obs erved in the film as seen in Fig. 3 (a). Then layer by layer 
spin deposition is used that removed pinholes and enables shiny pinhole free layer  which is depicted in 
Fig. 3 (b). Also the pinhole format ion is dependent on PbS concentration in toluene. At first 10 mg/mL 
PbS in toluene is used yet it resulted in  poor quality  films. The optimum concentration is optimized to  be 
40 mg/mL. The devices are formed of 9 layers that resulted as ~200 nm thick PbS films.  
 
  
 
 
 
 
 
 
Fig. 3. ,(a) SEM picture of initial trial of PbS layers Pinholes can be easily observed. (b) pinhole free PbS layer by layer spin 
deposition.  
2.2. Ligand exchange procedure 
 Fabricated PbS quantum dots are originally  capped with long oleic acid  ligands. These long ligands 
decrease the mobility of electrons and thus degrade photodetector performance. In order to replace these 
long ligands with shorter counterparts, solid state ligand change procedure applied during film coating 
using 3-mercaptopropionic acid (3-MPA) [4]. In  each layer PbS QDs spin coated then ligand exchange 
procedure is applied and then rinsed with methanol. These procedures are repeated 9 times to achieve 
~200nm films.  
Table 1. Layer by layer spin deposition and layer exchange procedure.  
1 Spin Coating of PbS layer @ 2500 rpm 15 sec.  
2 Ligand exchange by 3-MPA (1:10 in methanol) @ 2500 rpm 15 sec.  
3 Methanol rinse and dry @ 2500 rpm 45 sec.  
4 Toluene rinse and dry @2500 rpm 45. sec. 
5 Final drying  @ 2500 rpm 45 sec.  
 All steps are repeated 9 times 
6 Anneal @ 100oC for 5 minutes 
3. Measurement procedure and results  
The tests are carried out using Cascade PM5 DC probe station equipped with a shielded enclosure. I-V 
characteristics were measured with Agilent semiconductor parameter analyzer under dark and 
rectification rat ios of 15 is observed at +/- 1V bias. The detector is illuminated fro m bottom with 
ThorLabs TL200C 10 mW Tunable Laser Source (1527-1568 nm). Also light intensity is calibrated with 
ThorLabs PM100 Optical Power Meter System and devices are illuminated with 100 uW intensity at 
1530nm wavelength. Photodiode responses are measured with Agilent semiconductor parameter analyser. 
Tests show a responsivity of 0.24 A/W. In addition to that, specific detectivity D* is calcu lated as 
3,54x1010 that is limited due to high dark currents.  
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Fig. 4. ,(a) Test setup with PM5 DC probe station with shield enclosure, laser source and semiconductor parameter analyser  (b) 
detectors under test measured with probes and illuminated from the bottom with laser source.   
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Fig. 5: a) Zoomed, b) wider, steady-state I-V characteristics under dark and 16mW/cm2 illumination at 1550 nm.  
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